Objective: Cerebrovascular disease (CVD) causes subclinical brain vascular lesions detected using neuroimaging and childhood factors may increase later CVD risk.
stroke, 14 cognitive impairment, depression) or silent (subclinical) cerebrovascular disease detected on neuroimaging or pathology. Here we report on subclinical cerebrovascular disease.
We searched PsycINFO, MEDLINE, and EMBASE from inception for articles published until November 30, 2015, using OVID SP UI03. 16 .00.110. We checked reference lists of included articles and review articles and hand-searched the previous 5 years of Stroke, Neurology ® , and International Journal of Epidemiology.
Abstracts and titles were screened by 1 reviewer and full texts were screened independently by 2 researchers. Disagreements were resolved through discussion among the authors. Data from publications on the same cohort were taken from the most recent publication or the one with the largest sample. Eligible articles were grouped according to early life factor.
Inclusion criteria. Studies were included if they provided data on early life factors in relation to neuroimaging or pathology evidence of CVD in adulthood. We included general intelligence (IQ) measurements performed up to age 18 years and estimates of premorbid IQ using valid tools (e.g., Spot-The-Word Test). We included childhood SES measures such as parental occupation. All measures of childhood education were included (duration, attainment). We defined subclinical CVD as WMH, lacunes, silent infarcts, or microbleeds according to the Standards for Reporting Vascular Changes on Neuroimaging 4 if on MRI or CT, or the equivalent features if on pathology. We noted WMH quantification method, e.g., visual scale (Fazekas or other) or volume. The Fazekas scale 15 rates WMH in the periventricular and subcortical region (0-3 scale). The Scheltens scale 16 additionally scores hyperintensities in the basal ganglia and infratentorial region (0-24 scale). These regions can be reported separately or summed to give a total score. We metaanalyzed correlation coefficients for IQ and periventricular WMH, deep WMH, and total WMH burden (figure 1). We excluded articles with fewer than 50 patients and those focusing on a particular patient population (e.g., Parkinson disease), without primary data, published only in abstract, or not reporting neuroimaging data on humans aged 18 or over. We considered articles in any language.
Data extraction and quality assessment. One reviewer (E.V.B. or C.A.M.) extracted data and cross-checked each extraction form; J.M.W., S.D.S., and V.C. cross-checked a sample. We extracted data on study and participant characteristics, definition and measurement of early life factor, outcome, and statistics, including whether the effect size was adjusted for vascular or other risk factors, or crude.
We assessed methodologic quality for 6 potential sources of bias 17 : representativeness of the sample, attrition, how early life factor and outcome were measured, adjustment for confounders, Figure 1 Forest plots showing correlation (COR) between childhood IQ and (A) deep white matter hyperintensity (WMH) burden, (B) periventricular hyperintensity burden, and (C) total WMH burden
Lower childhood IQ was associated with higher WMH burden in late life. CI 5 confidence interval. a Adjusted for age, sex, and hypertension.
and appropriateness of the statistics. We scored each item between 1 and 4 (corresponding to unclear, no, partly, yes), giving a total score of 24, with higher scores indicating better quality.
Statistical analysis. Within each early life factor, we grouped articles according to reported outcome statistic (e.g., odds ratio [OR] , mean values). Where multiple statistics were reported, we used the one that maximized data available for metaanalysis. Markers of CVD were analyzed together to produce an overall result, and separately in prespecified subgroup analysis.
One article reported childhood SES using parental occupation classed as manual and nonmanual representing low and high childhood SES, respectively. We standardized all education results to represent a reference level of high education. With the exception of one study, 9 low education was defined as approximately 6-8 years (less than high school) and high education as 9 years and over (high school and above).
We used Review Manager v5.3 to calculate overall ORs or mean differences (MD) and 95% confidence intervals (CIs). We analyzed correlation coefficients using the package metacor for R v3.0.1. Where possible, we used risk factor-adjusted results. Where necessary, we calculated ORs from frequency data. We analyzed articles that reported means or medians separately. Medians were included in the MD analysis as medians. We used a random effects model in anticipation of between-study heterogeneity and assessed heterogeneity using the I 2 statistic. We assessed publication bias with funnel plots.
RESULTS
We identified 19,180 titles and abstracts after removal of duplicates (figure e-1), from which we identified 1,217 full-text articles. The commonest reason for exclusion was lack of an appropriate outcome. Thirty articles that examined early life factors and subclinical CVD met inclusion criteria (table 1, full details in table e-1). Most studies assessed CVD with neuroimaging; 2 population studies assessed CVD postmortem. 9, 18 Quality assessment and publication bias. Quality scores ranged from 17 to 24/24. Most articles were scored as "good" (3/4) on statistics and measurement of early life factor but less well on confounding factors (figure e-2).
It was not possible to determine publication bias for all analyses due to few studies for some comparisons. However, in analyses with several studies, there was no good evidence of publication bias (figure e-3). figure 1A ), periventricular WMH scores (r 5 20.12, 95% CI 20.182 to 20.056, p # 0.001, figure 1B), and total WMH scores (r 5 20.07, 95% CI 20.12 to 20.02, p 5 0.007, figure 1C ). One study 7 provided risk factoradjusted results. Heterogeneity between studies was low (I 2 0%, p 5 0.66).
Childhood SES. One study 19 (n 5 243) found that lower childhood SES (measured as father's manual vs officebased occupation, 6 categories, lower score indicating manual occupation, more childhood deprivation) correlated with more deep WMH (r 5 20.181, p , 0.05) and periventricular WMH (r 5 20.146, p # 0.001) at age 68. ), microbleeds (4 studies 25,39,e1,e3 ), infarcts (4 studies 18,26,35,e5 ), and lacunes (2 studies 9, 18 ), and 6 studies 9,28,37,38,e4,e5 examined combined markers of SVD.
Education level was assessed as duration (i.e., ,8 years vs $8 years) in 7 studies 18,26,30,31,38,40,e5 and attainment (i.e., primary vs secondary school) in 12 studies. 9,19,23-25,29,33,35,36,e1,e2,e4 Seven studies 27,28,32,34,37,39,e3 reported mean years of education. with subclinical CVD (WMH, microbleeds, lacunes, infarcts, and SVD). Three studies 9, 18, 26 reported education and more than one marker of CVD. To avoid doublecounting, participant data from only one CVD marker were included when calculating the ORs for all participants. We excluded infarcts from the first study 18 (unclear whether the infarcts were silent) and lacunes in the second 9 (captured in SVD score). The third study 26 had infarct and WMH data. Sensitivity analysis showed that exclusion of infarct data from this study resulted in an OR of 1.17 (95% CI 1.05 to 1.31, p 5 0.003, figure 2) . Exclusion of WMH data reduced the OR to 1.14 (95% CI 1.03 to 1.27, p 5 0.01). Forest plot comparing low education vs high education and risk of subclinical cerebrovascular disease (CVD) features
Odds ratio (OR) , 1 5 low education (,9 years) decreases risk of having features; OR . figure 3) . Overall, mean difference in years of education did not differ between those with subclinical CVD and those without, either overall (7 studies, n 5 3,016, MD 5 20.07 years, 95% CI 20.19 to 0.34, p 5 0.59), or when analysis was restricted to individual CVD markers. Heterogeneity between studies was low (I 2 5%, p 5 0.13).
Mean volume of WMH in those with low and high education. There was no difference in mean WMH volume between those with high and low educational levels (4 studies 24, 30, 35, 36 ) (n 5 4,330, MD 5 0.02, 95% CI 20.02 to 0.07, p 5 0.24, random effects, figure 4 ). There was substantial heterogeneity between studies (I 2 78%, p 5 0.003) but the small number of studies (4) precluded producing a funnel plot to assess publication bias.
DISCUSSION WMH, 6 silent infarcts, e6 and microbleeds e7 in later life are independent risk factors for cognitive decline, dementia, and stroke. WMH and prior infarcts also independently reduce the chances of good recovery after stroke.
e8 Therefore identifying factors that increase the risk of subclinical CVD in later life as early as possible is important to improve individual and population health and prevent dementia and stroke. Our meta-analysis is, as far as we know, the first to examine childhood IQ, childhood SES, education, and risk of subclinical CVD in later life. It suggests that higher cognitive ability in childhood, better SES, and longer duration of education predict lower risk of subclinical CVD in later life, with most information available for cognitive ability and education. Less vs more education increased the relative risk of having subclinical CVD by 17% relative to those with more education. Not all analyses were significant, but the samples available for some analyses were small and the direction of association was the same across all comparisons. The literature had several limitations. Potential confounders were not well-reported and varied between studies. Frequency data were used to calculate several unadjusted ORs. Two studies 7, 40 reported a significant effect after adjustment for vascular risk factors, but the paucity of studies precluded comparing adjusted with unadjusted results. The only study 19 on childhood SES did not adjust for current (adult) SES, although the latter is likely to influence later life CVD. A separate analysis showed a negative but nonsignificant association between adult SES and WMH.
Several studies reported significant differences in IQ or education among participants with and without MRI data. 13, 24, 28, 31 Furthermore, participants in all but 3 articles were younger than 80 at the time of CVD assessment, thus possibly omitting the groups at highest risk for CVD. e9 We therefore may have underestimated the magnitude of early life effects on CVD features. Few studies provided clear working definitions of subclinical CVD. Cortical and subcortical infarcts were not distinguished (2 studies 26,e5 ) or were symptomatic or asymptomatic infarcts (2 studies 18, 35 ). However, on balance, these infarcts appeared likely to be asymptomatic and their omission did not influence the results. Lack of consistency in the definitions of CVD features may have resulted in similar lesions being classified differently across studies, hence our focus on overall CVD. Use of published standards for reporting vascular findings on neuroimaging 4 should facilitate future meta-analyses of imaging CVD.
Studies were mostly small, reflecting that MRI is time-consuming, expensive, and limits study participation: ongoing large cohort MRI studies will facilitate examination of these relationships in larger samples.
Our funnel plot did not identify publication bias, but publication bias may have influenced the results, as (unlike clinical trials) observational studies are not often registered, and analyses may be performed and not published. Furthermore, some studies may not report all collected data (e.g., omit some neuroimaging variables). If negative studies are unpublished, we will have overestimated the relationship between early life factors and CVD. However, many of the studies collected early life factors, particularly education, as a descriptive statistic, which may have reduced the likelihood of publication bias.
Our systematic review had limitations. We lacked resources to contact all authors for missing data. We specified 3 early life factors to review, and did not include studies on other, potentially relevant, influences (e.g., birthweight, nutrition). Most studies used neuroimaging assessment of CVD. We included 2 studies that assessed CVD pathologically but these were large population-based studies. 9, 18 Classification of WMH and SVD varied between studies (low vs high or absent vs present), which may affect data interpretation. We were not able to correct for adult SES or lifestyle as this information was not available. However, others have found that effects of childhood influences on overall mortality persist after correction for adult SES, giving no reason to think that the childhood influences seen here are solely due to unmeasured adult influences.
e10
Strengths include a prespecified, published protocol, validated search strategy, double data extraction, adherence to guidelines, and exemplary systematic review and meta-analysis methods, including an established quality assessment scale. Finally, although some of the sample sizes were small, the total sample size for many analyses was reasonable, producing a comprehensive literature review and meta-analysis amassing data on 22,890 participants.
Childhood IQ, SES, and education are all closely related with likely interdependent effects on CVD. Children from disadvantaged backgrounds score worse on cognitive tests e11 ; those with higher IQ may be more likely to obtain further education; education may be a proxy for cognitive ability.
e12 A significant direct effect of childhood SES on WMH burden with no mediation by childhood IQ or education was reported in one study 19 but no other studies included more than one early life factor. Another study 9 reported that exposure to minimal amounts of schooling (1-4 years) appeared to be protective against development of CVD. Therefore, although reciprocal pathways among IQ, SES, and education are likely to be important, there may also be independent influences on later health. The current literature does not allow assessment of the independence of the 3 early life factors on later life CVD. This is a target for future research.
Positive early life factors can influence occupation, increase access to health care, and influence health literacy, disease self-management, and prevention. They may influence behaviors conducive to health (e.g., healthy eating) and reduce negative behaviors (e.g., smoking). This may in turn influence selfmanagement of vascular risk factors (e.g., hypertension, e13 obesity e14 ). Alternatively, education and IQ may reflect brain integrity or resilience e15 : white matter structural integrity is better and the cortex is thicker in 70-year-olds who scored higher on IQ tests at age 11, which may protect against accumulating CVD, e12,e16 hence reducing the risk of stroke and dementia. 6 These possibilities remain to be tested.
The causes of SVD are heterogeneous: white matter diseases represent a wide spectrum whose etiology and pathophysiology remain unclear. WMH are highly heritable e17 and associated with familial longevity e18 ; however, genome-wide association studies have thus far demonstrated few convincing genetic associations for WMH and monogenic SVDs (e.g., cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy) are rare.
WMH are common in otherwise healthy older people and although previously considered part of normal aging, numerous studies have demonstrated important clinical associations, e19-21 including trebling the risk of stroke and doubling the risk of dementia. Increasing evidence suggests that WMH should not be overlooked as an inevitable consequence of aging and but rather regarded as a measure of CVD. Furthermore, vascular risk factor reduction can delay progression of WMH in patients with CVD, e22,e23 making it a viable target for clinical intervention.
Our findings suggest an important, albeit small, effect of early life factors on covert brain vascular disease in later life. Whether this reflects better brain resilience or integrity, or lifestyle or vascular risk factors, requires further research. All subclinical features assessed here increase risks of cognitive decline, dementia, and stroke, 6 independently worsen chances of recovery after stroke, e8 and may provide a mechanistic link between early life factors and risk of stroke or dementia in later life. Health disparities are wellknown.
e24 That the effects of such disparities appear to persist across decades of life highlights the importance of identifying modifiable factors that may be targets for future social policy interventions. Our results support the view that access to quality education may reduce cerebrovascular disease and improve population health in later life. Efforts to understand factors that may contribute to late life brain health, from the earliest stages in life, are important targets for future research and public health policy.
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